In the treatment of various orthopedic disorders a variety of implants is used. These range from wires and threads to massive replacements involving a joint and a substantial portion of adjacent bone. Most implants are repetitively stressed for a prolonged period in a corrosive environment. The dimensions of implants are limited by the dimensions of the environment.
The metals used in orthop2edic surgery in the United Kingdom are: wrought austenitic, stainless steel, cobalt-chromium-molybdenum alloys and commercially pure titanium, complying in composition with BS 3531:1968.
Plastic materials include cold-curing polymethylmethacrylate for grouting in and securing prostheses and high-molecular-weight polyethylene of the Ziegler type for bearing components. Silicone resins and polypropylene have been successfully used for hingeless finger prostheses which have been designed in such a manner as to use the flexibility of the material. In Switzerland, polyethylene terephthalate is being used for the femoral head of one type of total hip replacement. For the bearing surfaces of weight-bearing joints, acrylic resins, polyamides, polyacetal, polytetrafluoroethylene and low-molecular-weight polyethylene polymers should not be used.
With implants involving joint replacements, problems of friction and wear are of major importance.
The tissue response to foreign materials depends on their dimension, shape and structure. Implants should be deeply buried in the tissues. The (Winter & Simpson 1969 ). It has since been confirmed that this is a regular and reproducible reaction and further studies of the cellular reactions within the sponge have been made. The sponge is made by solution polymerization of glycolmonomethacrylate with I 0% or less of glycoldimethacrylate in the presence of a catalyst and excess water. The porous structure arises by coalescence of the waterphase droplets and the pore size can be varied within limits by adjusting the reaction conditions. The polymer is hydrophilic due to the numerous hydroxyl groups and is chemically stable and will withstand heating to 200°C. When hydrated, it is soft and has little tear strength. If dried, it forms a hard acrylic-like solid that takes on its original shape and structure on immersion in water. The polymer can also be made in the form of a gel, which has interesting potential applications (Simpson 1969) .
Suggestions that this family of polymers might be useful as surgical implant materials were first made by Wichterle & Lim (1960) . Two years later Barvic (1962) reported a study of the tissue reactions to many different plastics, including some unidentified hydrocolloidal methacrylates. Most of these provoked toxic reactions. Unaccountably subsequent authors have quoted Barvic's work to prove that these materials are tolerated by the tissues. All he said was that he deduced that if the material was absolutely pure it would be well tolerated by the body. In view of the evidence in the pig that there is a progressive reaction within the sponge, well beyond four weeks, Winter & Simpson (1969) suggested that no further clinical work should be done with this material until more animal experiments have been carried out. Barvi6 reported a high incidence of tumours to 'basic' hydrocolloidal methacrylates, but none to 'neutral' versions of the material in rats.
The usual results of implanting foreign materials in the body are fairly well understood, at least in outline. A material may provoke acute inflammatory reactions over and above those caused by the trauma of the operation. If very finely divided, or if fine particles are produced from the implant by mechanical attrition or chemical breakdown, they will be taken up in the cytoplasm of macrophages. Slightly larger particles will generally be surrounded by multinucleate foreign-body giant cells and massive forms of relatively inert materials are encapsulated in fibrous tissue. If the material irritates the tissues because of toxic chemicals leaching from it, or if it is unstable because of biodegradation, or if it causes continuous damage because it has sharp edges or surface irregularities, it may stimulate continual efforts at healing, resulting in excessive fibrosis. Continual damage may also cause a prolonged increase in cellular proliferation in the adjacent tissues and, theoretically at least, this may increase the statistical chance of neoplastic changes, but fortunately, in relation to metals and plastics, this commonly occurs only in certain rodents.
In general, tissue reactions to sponges are similar to those caused by solid implants. Much interest was taken in the possible surgical uses of polyvinyl alcohol (PVA) sponges in the 1950s. Unmodified PVA is water soluble and for implant purposes it is treated with formaldehyde. Formalized PVA (Ivalon), enjoyed a short vogue as a soft tissue substitute, particularly for augmentation of the female breast. Its popularity waned when it was found that the implant hardened with the passage of time. This was due to the production of excessive fibrous tissue in the interstices of the implant and to calcification. Schwartz et al. (1960) examined calcified implants of Ivalon sponge and showed that the salt deposited was calcium phosphate.
The possible complications attending the use of foreign materials in reconstructive surgery are excessive inflammatory reactions, excessive fibrosis, necrosis, calcification and neoplasia. Implants may also fail in their purpose because they move their position, because they contain dead space which harbours infection, or because their mechanical properties alter in the body.
The fibrous tissue initially filling an implant of polyHEMA sponge is subsequently replaced by bone and so metaplasia is a further possible complication to be added to the list which is given above.
Having found bone in the sponge in the skin of a pig, several questions immediately come to mind:
(1) Does this occur regularly and reproducibly? Our original report described heterotopic bone in two pigs, nine weeks and thirteen weeks after implanting the sponge. At the present time there is evidence of bone formation in 6 pigs and a total of 22 implants. All implants removed after sixty days are ossified. Thus, when the sponge is made from a reaction mixture containing 30 parts by weight of monomer (hydroxyethylmethacryl-ate+08% diester) and 70 parts water and the polymer is very thoroughly washed, sterilized by autoclaving and implanted in the fatty tissue beneath the dermis in the skin of young 15-30-weekold Large White pigs, bone is regularly found within the sponge nine weeks later.
(2) Does this occur in other species or is it peculiar to the pig? About 100 breast prostheses made of polyHEMA (Hydron) have been used in Czechoslovakia and radiopaque shadows have been demonstrated in patients after eighteen months and four years (Fahoun 1969, personal communication) . Whether this indicates true bone formation will not be known for certain until biopsy material becomes available. Simpson has studied, in rats, implants of polyHEMA sponge which have calcified, but not yet ossified after six months. Implants have been put into a number of other species, but until the results of these studies are available, the specificity of this reaction remains an open question. It is clear that the time-course of reactions in different animals may be quite different and it is interesting that Wesolowski et al. (1968) consider that one month in the growing pig is equivalent to one year in the human so far as tissue reactions to synthetic materials used as artery grafts are concerned.
(3) Another question concerns the mechanism of this interesting reaction. The reproducible production of heterotopic bone simply by implanting a synthetic sponge in the skin promises to provide a valuable model system for the study of osteogenesis itself and we are also alive to the possibility that this property of the sponge might be put to practical use in stimulating the repair of defects in skeletal bone and in the incorporation of prostheses into the skeleton and in other ways.
When first inserted into the tissues, the sponge becomes filled with a protein-rich exudate, erythrocytes and fibrin, soon invaded by polymorphonuclear granulocytes and eosinophils. Blood vessels have no difficulty in growing into the sponge and are accompanied by mononuclear round cells and spindle-shaped cells. In a few days fibroblasts appear and collagen fibres can be seen in the channels within the sponge. By the end of the fourth week the sponge contains blood vessels and a very moderate amount of fibrous tissue and that is all. There is no fibrous capsule at the periphery of the implant. It is exactly as if some of the subcutaneous fatty tissue had been mildly injured, provoking minimal growth of fibrous tissue around the walls of the fat cells. At this stage it can justifiably be said that the hydrophilic polyHEMA sponge seems to be remarkably well tolerated by the tissues. However, as later events show, the situation within the sponge is unstable. The first sign that some further tissue reaction is taking place is a focal infiltration of mononuclear 'round cells' which arrive in the blood vessels and cross their walls into the surrounding tissue in certain isolated areas in the implant. Secondly, discrete areas of the sponge matrix now retain basic histological stains to a greater extent than the bulk of the polymer. On close examination, it is found that these areas are spherical, roughly 025 mm in diameter and they stain positively with the von Kossa stain for calcium salts. The mineral seems to be associated with the collagen in these areas and X-ray microanalysis shows that both phosphorus and calcium are present together in high concentration (Fig 2) .
Summarizing these observations, it is deduced that after four weeks calcium/phosphorus mineral is deposited on the collagen in scattered discrete areas of the sponge and there is an associated outpouring of blood-borne mononuclear cells in these areas. The scattered areas of mineralization and renewed cellular activity seem to form the nuclei for bone formation. Concurrently with osteogenesis, there is an impressive increase in the cellularity of the tissue within the implant. The new cells have large oval nuclei, stain lightly with htmatoxylin and have the typical appearance of fibroblasts in rapidly growing fibrous connective tissue (granulation tissue). These cells are incorporated into the new bony tissue which develops by a process of intramembranous ossification (Fig 3) of the tissue filling the interstices of the sponge. As the new bone matures it acquires sharply defined borders and a single layer of typical osteoblasts on its surface. Groups of polymer particles can be seen embedded in the bone which fills all available space between the particles. The new bone has a haphazard pattern of birefringence, reflecting the direction of collagen fibres in the sponge prior to ossification. In the spaces of the lattice work of woven bone there is a very well vascularized loose connective tissue.
In addition to the increase in mononuclear cells mentioned above, many multinucleate giant cells are seen in some areas of the sponge in specimens taken from 31 days onwards. Since no giant cells are present in the first four weeks, it is unlikely that these cells gather in response to the polymer itself. In another hydrophilic sponge, made of polyvinyl alcohol, used as a control, the polymer provokes the formation of giant cells which are very numerous at the end of the first week. The multinucleate cells seen in the poly-HEMA sponge seem to occur in response to the deposition of calcium mineral. Typical osteoblasts are seen in resorption cavities on some of the bone surfaces in 62-day-old specimens, indicating that remodelling of the bone is taking place and haversian systems are seen in more mature specimens. Implants a year old have developed into a complete ossicle in the skin with a thin compact outer shell of smooth bone and a trabeculated interior.
Examination of specimens that have been in the body for several weeks shows that the matrix of the sponge is partially broken up. There is nothing to suggest that the polymer is being degraded and its chemical stability makes this unlikely. Probably progressive growth of new tissue in the narrow interstices of the sponge, initially about 60,u wide, forcibly separates the material apart. Such destructive growth could be stimulated by slight but continuing damage to the tissue inside the sponge, due to movements of the implant as a whole.
Discussion
Aberrant deposits of bone have been found in almost every organ of the human body (Keith 1927) and heterotopic bone can be produced experimentally in a number of ways, notably in relationtotissuesoftheurinarytract (Bridges 1959) . Bone will grow into porous materials put adjacent to the skeleton, where repair is taking place, but spontaneous bone growth is not usually associated with implants of foreign materials, solid or porous, although Selye et al. (1960) have described bone formation in glass cylinders in the skin of rats.
Numerous studies of heterotopic bone formation have suggested that certain ubiquitous, but as yet unidentified, connective tissue cells have osteogenic potentialities in post-foetal life and the events in polyHEMA sponge leading to bone formation strongly support this hypothesis. A critical question concerns the mechanism by which such cells can be caused to take part in the production of bone rather than fibrous connective tissue which is the kind of repair tissue to be expected in the skin. Many years ago it was sug-gested, and the idea has gained almost universal support, that so-called 'undifferentiated connective tissue cells' or 'primitive mesenchymal cells', can in certain circumstances be induced to become osteoblasts by a process akin to that which takes place during embryonic development. The most thorough investigations, utilizing bone treated in various ways and transplanted into soft tissues, have suggested that the hypothetical 'inducer' is a part of the organic component of preformed bone (Urist et al. 1967 , Burwell 1966 .
The spontaneous growth of bone inside an implant of polyHEMA sponge, in the skin, by a process of intramembranous ossification, demonstrates conclusively that in this case the initiation of heterotopic ossification does not depend on the presence of preformed organic or inorganic components of the skeleton, or its cells. This interesting phenomenon requires further analysis, but meanwhile it may be pointed out that in the sponge the deposition of calcium phosphate mineral very clearly precedes ossification. The same is true of endochondral ossification and of bone formation in the ischwmic kidney and some other examples of heterotopic bone formation. As a working hypothesis, therefore, it is postulated that insoluble calcium salt is the moderator which determines that the newly formed connective tissue cells, originating most likely from mononuclear cells brought to the site in the blood vessels, shall proceed to manufacture bone. It is probable that other local factors, including mechanical ones, are important in determining the kind of connective tissue that will be formed. In 1952, J S Barr of Boston, in his Presidential Address to the American Academy of Orthopedic Surgeons, condemned the present order whereby materials are used clinically and only investigated when things go wrong. Indeed he went further, stating that 'scientific testing methods are available which are much more accurate than clinical trial and the human guineapig technique is to a large extent outmoded and indefensible'.
In that same year a young woman had bilateral implants for breast hypoplasia, for which she was charged £200. Twelve years later I removed both at her urgent request, and on examination found that they were cellophane bags stuffed with shredded cellophane strips to retain bulk. This case is unusual, not because of the nature of the material used for restoration of contour, but because this highly unsuitable material had been retained by the body for such a long period. No doubt the surgeon responsible considered her his most successful case, for the number of 'successes' from such treatment must have been quite small.
In 1963 I published the results of two years' work on the then available materials used for reconstructive surgery. At the time it was noted that of the 38 reports published between 1953 and 1963, promoting the clinical use of one material or another, only 10 recorded any microscopic findings of the implants and only 4 mentioned experimental laboratory investigations. This is just not good enough. Unfortunately things have not improved in the past five years, and I suggest we start 1970 with at least three resolutions: (1) To discontinue the practice of purchasing our implant materials from the supermarket. (2) To define what kind of material we want for a particular purpose. (3) To publish the laboratory and clinical experience for any one material, and to review the situation at intervals thereafter.
Our surgical literature abounds with commendations for materials which today no one uses. You will search in vain for reports of the failure of these materials. This is neither scientific nor honest, and if we do not put our house in order someone else will. Indeed the Safety of Drugs Committee now expects to be informed of the clinical use of any new implant material even though this is not strictly a drug by definition, and this Committee is likely to lay down specific safeguards in the future..
What have we learned so far?
